ABSTRACT
Introduction 43 44
Physisorption of organic liquids to a solid surface has been widely investigated because the 45 layers formed at the surface affects the surface properties and allows understanding the processes 46 important in many areas, including wetting, detergents, lubricants and other surface agents [1] .
Among the substrates tested, graphite is a good substrate as it will not chemically bond or create The adsorbates were stearic acid (C 18 obtained from Sigma Aldrich at 99% purity and used without further purification.
100
The solvents used for STM sample preparations were phenyloctane (C 14 
Sample preparation

105
The pure stearic acid, stearic, 12-hydroxystearic acid and 9,10-dihydroxystearic acid, without 106 graphite were studied as provided, after heating at 150 ºC and cooling down up to room temperature, The graphite substrates used for diffraction and calorimetry were outgassed under vacuum in 112 an oven at 350 ºC. Subsequently, a known quantity of the adsorbates were added and annealed at a 113 temperature of 150 ºC, below the bulk boiling point.
114
Total coverage was maintained at 0.9 or 3 monolayers for XRD and 60 monolayers for DSC 115 experiments. The volumes of adsorbate required to achieve the desired level of deposition were Groszek model [19, 20] and the specific surface area of the graphite.
119
The surface of HOPG used for STM measurements was cleaned by cleaving with an adhesive 120 tape. A drop of the solution (approx. 5-10 mg.cm -3 ) was immediately deposited on the support and 121 allowed for stabilizing at 25 ºC for 5-10 minutes before STM analysis. 2θ range between 3º and 120º, a step of 0.015º and a time per step of 0.1 s.
Experimental procedures
131
Variable temperature X-ray diffraction (VTXRD) of the acids adsorbed onto graphite were 
Calculations for determining the structural parameters of the adsorbed materials
164
Since not all of the structural parameters of the three materials adsorbed onto graphite have 165 previously been reported, the parameters that are lacking have been determined using structural 166 parameters published for other carboxylic acids [4] with shorter chains in other studies that explain 167 how the carboxylic acids [7] and 12-hydroxystearic acid [23] adsorbed onto graphite. The position of 168 the atoms was deduced from the data published for undecanoic acid [4] ; stretching and filling the 169 molecular structure up to an eighteen-carbon chain with the corresponding hydrogen and oxygen 170 atoms in their positions, including the hydroxyl or dihydroxyl groups of the branched-chain acids.
171
Previously deduced structures were verified by superimposing the above schematic STM 172 images obtained for the three acids adsorbed on graphite. The diagrams showing the molecular 173 structures were produced using the ATOMS programme, by Shape Software (Eric Dowty, USA).
Results and discussion
The polymorph A of 12-hydroxystearic acid (Fig. 1, middle) was stable after heating to 150 203 ºC and dissolving in phenyloctane. However, heating the solution to 150 ºC produced a small 204 amount of amorphous phase that may indicate that the recrystallization of the polymorph A is a 205 reconstructive process.
206
In the case of 9,10-dihydroxystearic acid (Fig. 1, bottom) , the polymorph E o was transformed 207 into polymorph C by heating to 150 ºC. The polymorph E o was stable after dissolving in octanol but, 208 after heating to 150 ºC, it evolved into a mixture of the polymorphs C and E m (monoclinic, P2 1 /a) 209 [31] plus an amorphous phase due to the incomplete recrystallization of the polymorphs. The latter 210 mixture evolved to a polymorph C with time as a more stable phase and the quantity of the 211 amorphous phase decreased significantly (Fig. 2, bottom) . (Table 4 ). Additionally, a small peak was observed at 95 -100 ºC that arises from the melting of the 220 adsorbed monolayer that coexisted with the bulk liquid at this temperature. The DSC plot of 9,10-221 dihydroxystearic acid adsorbed on graphite (Fig. 3c) showed only a wide peak at a temperature of 222 129.5 ºC due to the complete melting of the acids. These results could imply that the monolayer, if it 223 exists, melted at temperature quite similar to the bulk and could not be resolved.
224
The temperatures and enthalpies of the monolayer transitions are given in Table 4 . The general, 2D adsorbed material shows a "saw shaped" peak [35] , while for a higher dimensionality, i.e. bulk, a symmetrical 3D structure peak is observed. Therefore, the bulk melting point occurs 240 when the peaks change from a 3D shape to a 2D shape and the monolayer melting point takes place 241 when the 2D shape peak disappears. The disappearance of the 2D XRD peaks, the monolayer 242 melting, for 0.9 monolayers of stearic acid adsorbed onto graphite (Fig. 4, left) predicted by the literature [36] .
249
A similar evolution of the XRD patterns was observed for the 12-hydroxystearic acid systems 250 adsorbed onto graphite (Fig. 5) , the only difference being the temperature transition as was observed 251 with DSC. Following the explanations in the previous paragraph, from Fig. 5 we concluded that the 252 melting point for 0.9 monolayers was approximately 58 ºC. In the case of 3 monolayers, the bulk 253 melting point was ca. 65 ºC and the monolayer melting point was ca. 94 ºC. Similar to stearic acid, 254 in the sample with 3 monolayers, the value of the monolayer melting temperature is approximately 10% higher (in Kelvin) than the bulk melting temperature and higher that the monolayer melting for 256 submonolayer coverage.
257
A different evolution for the XRD patterns of the 9,10-dihydroxystearic acid system was 258 observed. In the case of 0.9 monolayers adsorbed onto graphite, Fig. 6 left, the 2D XRD peaks 259 disappeared at approximately 68 ºC and the monolayer melts. In the case of a 3 monolayer coverage 260 (Fig. 6, right) , the 3D XRD peaks disappeared at ca. 120 ºC without observation of 2D XRD peaks, 261 as previously observed by DSC, probably due to the complete melting of the system. However, 262 before the melting point, at ca. 78º C, the whole set of 3D XRD peaks changed their 2θ position 263 because of a change in the structure of the acid. 
Structures of acid monolayers on graphite surfaces
267
The STM images (Fig. 7) allowed a detailed description of the monolayer structures and the 268 structural parameters to be calculated (Table 5 ). The structural parameters showed that the Fig. 4, left) .
275
The schematic representations of the p2 structure of stearic acid, 12-dihydroxystearic acid 276 and 9,10-dihydroxystearic acid were drawn using starting data taken from the structural parameters 277 of shorter chain carboxylic acids adsorbed onto graphite reported in the literature [4] . For this 278 calculation, the atom positions for stearic acid were deduced from the fractional coordinates for a 279 single repeating motif published for undecanoic acid [4] with a pgg structure. The molecular 280 structure was stretched and filled-out up to an eighteen-carbon chain with the corresponding 281 hydrogen and oxygen atom positions for stearic acid 12-hydroxystearic acid and 9,10-dihydroxystearic acid. As was reported in the literature [23] , 12-hydroxystearic acid presented a non-283 interdigitised dimer structure, however, stearic acid and 9,10-dihydroxystearic acid formed 284 interdigitised dimer structures.
285
Finally, the superimposition of the schematic illustration of the p2 structure for stearic acid 286 (Fig. 7a), 12-hydroxystearic acid (Fig. 7b) and 9,10-dihydroxystearic acid (Fig. 7c) and polymorph E m for 12-hydroxystearic acid [37] . Analysis of the degree of molecular packing in 292 the ac or bc plane of the 3D polymorph was performed, choosing the plane that exhibited a packing 293 degree closest to the 2D structure and provided a rectangular cell ( Table 6 ). The results highlighted 294 that stearic acid and 9,10-dihydroxystearic acid exhibit the most compact structure; possibly due to 295 the absence of -OH groups or, for the latter, due to geometrical factors caused by the proximity of 
